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Abstract— This paper presents the design and development
of a Wall Climbing Robot for Cleaning, integrating an
innovative propeller-based thrust mechanism with a
wheeled chassis for seamless mobility on both vertical and
horizontal surfaces. The hybrid design optimizes thrust
force and energy consumption, addressing the limitations
of traditional suction-based wall-climbing robots. The
system uses N20 gear motors for precise movement and a
BLDC motor to generate thrust, achieving a stable ascent
on vertical surfaces. The robot's chassis, constructed from
lightweight aluminum, enhances durability and heat
dissipation while maintaining a total mass of 652 grams.
The proposed solution demonstrates a thrust force of 8.99
N, sufficient for adhering to vertical surfaces under
various conditions. The robot's efficient design makes it
suitable for tasks such as cleaning, maintenance, and
inspection in environments where human intervention is
risky or impractical. Future developments will focus on
improving battery efficiency, adding a more adaptable
cleaning mechanism, and integrating autonomous
controls for enhanced performance.

Index Terms- Wall Climbing Robot, Propeller Thrust
Mechanism, Wheeled Chassis, Vertical Surface
Navigation, BLDC Motor, Cleaning System, Robotics,
Energy Efficiency, Structural Stability, Inspection Robot

l. INTRODUCTION

The field of robotics continues to break new ground,
with a strong focus on the development of robots
capable of overcoming real-world challenges in
diverse environments. [1] Among these, wall-climbing
robots have gained significant attention due to their
potential applications in tasks such as cleaning,
inspection, maintenance, and surveillance. These
robots offer solutions in scenarios where human
intervention is either difficult, hazardous, or time-
consuming, particularly in vertical environments such
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as high-rise buildings, bridges, and industrial
chimneys. Despite the advances in wall-climbing
technology, the complexity of maintaining strong
adhesion to vertical surfaces without compromising
energy efficiency remains a significant design
challenge.

Traditional wall-climbing robots often rely on
complex mechanisms, such as suction cups, magnets,
or bio-inspired adhesive materials, to maintain surface
contact. However, these approaches tend to be either
limited to specific surface types or constrained by high
energy consumption. [2] For example, suction-based
designs are prone to power inefficiencies due to their
continuous need for vacuum pressure, while magnetic
adhesion limits applications to ferromagnetic surfaces.
In contrast, propeller-based thrust mechanisms
provide an innovative alternative by generating the
required upward force to counter gravity, enabling
wall adherence through controlled air pressure.

The proposed Wall Climbing Robot for Cleaning is
designed to address these limitations by utilizing a
simple yet effective wheeled chassis for mobility on
flat surfaces and a ducted fan-driven propeller system
for vertical surface climbing. [3] The chassis,
constructed from lightweight aluminum, provides both
structural integrity and efficient heat dissipation,
essential for maintaining performance under load. The
propulsion system uses a 2200KV brushless DC
(BLDC) motor with a 6-inch propeller, capable of
generating a thrust force of 8.99 N. The design ensures
that the robot’s total weight remains within 652 grams,
meeting the thrust-to-weight ratio requirements
necessary for stable vertical adherence.
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The control system of the robot is managed through a
motor driver (L293D), which regulates the operation
of N20 gear motors for wheel-based movement and
the electronic speed controller (ESC) for propeller-
driven thrust. This combination enables precise
control of both climbing and ground-level navigation.
The power source is a 2200mAh 11.1V LiPo battery,
which, although providing sufficient power for short-
duration tasks, highlights the need for future
improvements in battery life and energy management.
The design aims to minimize system complexity while
maintaining effectiveness, making it cost-efficient and
accessible for various real-world applications.

One of the key objectives of the project is to develop
a cleaning system that applies minimal force on the
surface while maintaining sufficient thrust to adhere to
the wall. This innovation is particularly beneficial for
glass cleaning and smooth-surface maintenance in
urban settings. In addition to cleaning tasks, the
robot’s adaptable design can be extended to perform
non-destructive testing (NDT), product delivery, and
surveillance in areas where human presence is
impractical or unsafe.

This research aims to bridge the gap between energy
efficiency and mobility in wall-climbing robots. [4]
Future iterations of the design may incorporate sensor-
based navigation, Al-driven decision-making, and
hybrid propulsion systems to further enhance
performance and versatility. The findings of this
project contribute to the growing field of service
robotics and present a scalable solution for automated
cleaning and maintenance in complex environments.

. METHDOLOGY
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Fig 1 Flowchart of Methodology and Planning
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The development of the Wall Climbing Robot for
Cleaning follows a systematic approach encompassing
design, component integration, and testing to ensure
efficient operation on both vertical and horizontal
surfaces. This section outlines the steps involved in the
design and implementation of the robot, detailing the
methodologies used to achieve stable adhesion,
mobility, and cleaning functionality.

1. Design and Planning

The initial phase involved defining the functional
requirements and system architecture. [9] The primary
objective was to develop a lightweight yet robust robot
capable of overcoming the challenges associated with
vertical surface navigation. A flowchart and Gantt
chart were created to map out the key stages of the
project, from component selection to prototype
testing.

The robot’s frame was designed using aluminium
sheets due to their high strength-to-weight ratio,
corrosion resistance, and efficient heat dissipation
properties. The chassis dimensions were set at 249 mm
in length, 190 mm in breadth, and 4 mm in height,
maintaining a weight of 138 grams to support a
balanced load distribution.

2. Component Integration

To achieve mobility and wall-climbing capabilities,

the robot was equipped with:

o N20 gear motors (12V, 60 RPM): Four motors
were installed to drive the wheels for horizontal
movement, providing precise torque and stability.

e BLDC motor (2200KV) with a 6-inch propeller:
Selected for its high-speed rotation, capable of
generating a thrust force of 8.99 N, sufficient to
counteract gravity and adhere to vertical surfaces.

The propulsion system was powered and regulated
using an Electronic Speed Controller (ESC) for
smooth and responsive control of the BLDC motor. An
L293D motor driver was used to control the direction
and speed of the N20 gear motors. These motors were
synchronized by a centralized control system to enable
efficient transitions between flat and vertical surfaces.
Careful wiring and pin configuration ensured reliable
communication between components and minimized
interference.
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3. Cleaning Mechanism

A specialized cleaning mechanism was implemented
to optimize performance without exerting excessive
force on vertical surfaces. The cleaning module was
designed to ensure minimal friction, allowing the
thrust generated by the propeller to maintain the
robot’s stability on the wall. Although the current
design primarily targets smooth surfaces like glass and
walls, the cleaning system can be adapted for different
surface types.

4. Power Supply and Control

The system is powered by a 2200mAh 11.1V LiPo
battery, which supplies energy to the motors, ESC, and
control system. Despite its compact size, the battery
provides sufficient power for short-duration
operations (approximately 3-4 minutes under
continuous operation). The limited battery capacity
highlights the need for efficient power management to
prevent overheating and maintain performance during
cleaning tasks.

The  control system  employs  Bluetooth
communication to receive commands from a remote
interface, enabling the user to wirelessly control the
robot’s movements and cleaning functions. This setup
allows for real-time adjustments during operation,
enhancing flexibility and ease of use.

5. System Testing and Performance Evaluation

A series of tests were conducted to validate the robot’s

performance in  climbing vertical  surfaces,

maintaining balance, and performing cleaning
operations. The key parameters evaluated included:

e Thrust force measurement: The combination of the
propeller and BLDC motor was tested on a weight
scale to ensure the generated thrust met the
required 8.99 N.

e Load distribution: The robot’s total mass was
maintained at 652 grams, ensuring it met the
thrust-to-weight ratio necessary for stable wall
climbing.

e Friction coefficient (us\mu_sus): The static
friction between the robot’s wheels and the surface
was measured to ensure sufficient grip for
controlled movement.
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The testing phase also identified limitations, such as
the short battery runtime and heating issues in the ESC
and BLDC motor. These findings provided insights
into areas for future optimization, including the need
for a higher-capacity battery and a more efficient
cooling system.

1. WORKING

The Wall Climbing Robot for Cleaning operates by
combining the movement capabilities of wheeled
locomotion and propeller-based thrust to adhere to
vertical surfaces and perform cleaning tasks
efficiently. The working mechanism involves multiple
coordinated components that manage propulsion,
stability, and surface interaction. This section
elaborates on the detailed functioning of the robot
across different operational phases.

Fig 2: DHT11 Temperature Sensor

The DHT11 Temperature Sensor is an integral
component in robotics projects like the Wall Climbing
Robot for Cleaning, providing critical environmental
data for optimal operation. This sensor is a low-cost
digital device that measures both temperature and
humidity, ensuring the robot's components operate
within safe thermal limits.

Key features of the DHT11:

e Temperature Range: 0°C to 50°C with +2°C
accuracy.

e Humidity Range: 20% to 90% with £5% accuracy.

e Low Power Consumption: Operates efficiently,
critical for battery-powered robots.
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o Simple Interface: Communicates via a single-wire
protocol, making it easy to integrate with
microcontrollers like Arduino or Raspberry Pi.

In the context of the Wall Climbing Robot:

e It monitors ambient temperature, ensuring the
BLDC motor and N20 gear motors do not overheat
during prolonged operations.

e It aids in energy optimization by adapting motor
thrust based on environmental conditions, such as
temperature-induced changes in air density.

e Provides data for potential environment-specific
adaptations, such as varying cleaning mechanisms
in humid conditions.

Incorporating the DHT11 enhances the robot's

reliability and performance in diverse environments.

Fig 3 : N20 Gear Motor

The N20 Gear Motor is a compact and versatile DC
motor with a gear reduction mechanism, making it an
ideal choice for projects like the Wall Climbing Robot
for Cleaning. These motors provide precise control
and torque, essential for enabling the robot to navigate
both vertical and horizontal surfaces effectively.

Key Features of N20 Gear Motors:

1. Compact Size:

¢ Small and lightweight, perfect for the robot's 652-
gram chassis design.

o Fits seamlessly into the robot's lightweight
aluminium framework.

2. High Torque:

o Capable of delivering sufficient torque to drive the
wheels, ensuring stability and traction on vertical
surfaces.

e The gear reduction increases torque while
maintaining energy efficiency, crucial for
prolonged operations.

3. Precision Movement:
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o Enables fine control for delicate manoeuvres
required in cleaning and maintenance tasks.

e Reduces slippage and improves adhesion by
ensuring consistent wheel mation.

4. Low Power Consumption:

e Consumes minimal energy, optimizing the robot's
battery life.

e Supports the overall goal of energy-efficient
design.

5. Durability:

e The metal gear construction ensures long-term
reliability, even under the mechanical stresses of
vertical climbing.

Role in the Wall Climbing Robot:

e Propulsion and Stability: Drives the wheeled
chassis with precise control, ensuring smooth
transitions between horizontal and vertical
surfaces.

e Enhanced Manoeuvrability: Facilitates agile
movement for cleaning, especially in tight or
complex areas.

e Energy Optimization: Operates efficiently in
conjunction with the BLDC motor to balance
thrust and torque, reducing energy consumption
while climbing.

Advantages in This Project:

The N20 Gear Motors play a crucial role in
overcoming the limitations of traditional suction-
based designs. By providing reliable propulsion and
torque, they ensure the robot maintains steady and
controlled motion, making it a robust solution for
cleaning, maintenance, and inspection tasks in
challenging environments.

Fig 4: BLDC Motor

The BLDC Motor in the Wall Climbing Robot
generates 8.99 N thrust, enabling stable vertical
climbing. Its brushless design ensures high efficiency,
low power consumption, and durability, crucial for
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prolonged cleaning tasks. Compact and lightweight, it
integrates seamlessly into the aluminum chassis,
providing precise and controllable thrust for smooth
movement. This motor replaces traditional suction
methods, enhancing stability, energy efficiency, and
adaptability in challenging environments.

1. Surface Movement and Maneuverability:

The robot starts by moving on a horizontal surface
using four N20 gear motors, each attached to a wheel.
The wheeled chassis allows the robot to traverse flat
surfaces with stability and precision. The L293D
motor driver controls the direction and speed of the
motors based on commands received from the control
unit. The robot can move forward, backward, turn, or
stop as per user input. This mobility is crucial for
positioning the robot before initiating the climbing
process. The wheels provide traction and distribute the
load evenly, ensuring smooth movement on the
ground without tilting.

2. Transition to Vertical Climbing:

Once the robot reaches the base of a vertical surface,
the climbing process begins. The BLDC motor
(Brushless DC motor), equipped with a 6-inch
propeller, and generates upward thrust to counteract
gravitational force. The ducted fan design focuses the
airflow, increasing the efficiency of the thrust
generated. The propeller spins at high speeds, creating
sufficient lift force to push the robot against the
surface, ensuring it stays attached while climbing. The
thrust force measured during testing was 8.99 N,
which is enough to support the robot’s total weight of
652 grams.

Fthrust = m-g+Ffriction

Where:

o m=0.652 kg (mass of the robot)

o =981 m/s2 (gravitational acceleration)

o Ffriction is the additional force required to counter
surface irregularities and maintain adhesion
(assumed negligible for simplicity).

Fthrust = 0.652 - 9.81=6.39

The motor provides 8.99 N, which is sufficient to
overcome gravity and ensure adhesion.
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The thrust force is adjusted in real-time based on the
surface type and climbing requirements to maintain a
consistent attachment. The N20 gear motors
simultaneously provide movement along the vertical
surface, with the propeller’s thrust force ensuring
stability by preventing the robot from detaching or

slipping.

3. Control and Navigation:

The robot is controlled using a wireless interface that
communicates via Bluetooth to the ESP32
microcontroller. The user can send commands to the
robot for forward movement, backward movement, or
directional adjustments. The ESP32 processes these
commands and sends control signals to the motor
driver and ESC (Electronic Speed Controller) to
regulate the speed and direction of the gear motors and
the propeller. The use of Bluetooth connectivity
enables real-time remote control, making the robot
adaptable to different tasks without requiring physical
intervention.

The graphical interface for the control system provides
simple directional buttons that allow the user to guide
the robot along the wall or floor. Additionally, the
system includes an emergency stop command to
immediately halt the motors in case of instability or
errors.

4. Cleaning Mechanism:

The robot is equipped with a cleaning module
designed to perform surface cleaning tasks with
minimal force. The cleaning tool is mounted in such a
way that it remains aligned with the surface while the
robot moves vertically. The cleaning process involves
applying a gentle yet effective wipe to remove dust
and dirt. The design ensures that the cleaning module
does not apply excessive pressure, which could
destabilize the robot or cause damage to the surface.

The cleaning system was primarily tested on smooth
surfaces such as glass walls, where it demonstrated
good performance for basic dust removal. However,
the current design may require modifications to adapt
to uneven surfaces or thicker layers of dirt.

5. Thrust and Stability:
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The thrust generated by the propeller creates a force
that pushes the robot toward the wall, maintaining
contact and preventing detachment. The coefficient of
friction (us) between the wheels and the surface plays
a crucial role in ensuring the robot’s stability during
movement.  The  friction  coefficient  was
experimentally determined and optimized to prevent
the robot from slipping while ensuring smooth
climbing.

To maintain balance, the robot’s weight distribution is
carefully managed. The placement of the BLDC
motor, propeller, battery, and other components was
optimized to keep the center of gravity low and stable.
This ensures that the robot remains aligned with the
surface during the climb.

6. Power Management:

The robot is powered by a 2200mAh 11.1V LiPo
battery, which supplies energy to the BLDC motor,
gear motors, and control unit. The battery provides
enough power for 3-4 minutes of continuous
operation. However, due to the high-power
consumption of the BLDC motor, the runtime is
limited. The ESC (Electronic Speed Controller)
regulates the power supplied to the BLDC motor,
ensuring that the motor does not draw excessive
current, which could cause overheating or damage to
the system.

One of the limitations identified during testing was the
rapid heating of the BLDC motor and ESC due to
prolonged use. To address this, future improvements
may include a more efficient power management
system or the integration of a 50A or 80A ESC to
handle higher currents without overheating.

7. Communication and Feedback:

The ESP32 receives real-time feedback from the
motor driver and ESC, ensuring that the motors
respond accurately to the user commands. If any issue
arises (e.g., overcurrent, loss of connection, or low
battery), the system can be programmed to trigger an
automatic stop to prevent damage. The modular design
of the control system allows for the potential
integration of sensors to enhance autonomous
navigation and obstacle detection.
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IV. ROBOT CONTROLLING REMOTE
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Figure 2 Robot Controlling Remote

The robot controlling remote plays a crucial role in the
seamless operation of the Wall Climbing Robot for
Cleaning by providing an intuitive and responsive
interface for users to control the robot's movements
and cleaning actions. The remote is based on a wireless
communication system that interacts with the robot’s
control unit in real-time to send and receive
commands. Below is a detailed breakdown of the
working, features, and design considerations of the
robot controlling remote.

1. Communication Protocol:

The controlling remote uses Bluetooth communication
to connect with the robot’s ESP32 microcontroller.
Bluetooth technology is chosen for its ease of use, low
power consumption, and wide availability in mobile
devices. The remote sends control signals, such as
movement commands and stop/start signals, to the
ESP32, which processes these signals and transmits
instructions to the motor driver and ESC for the
corresponding actions.

e Range: The Bluetooth module has an effective

range of 10-15 meters in open spaces.
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e Latency: The communication delay is minimal,
ensuring real-time responses during operation.

2. Interface Design:

The graphical user interface (GUI) for the remote
control is designed to be user-friendly and
minimalistic, allowing for simple and precise control
of the robot. The remote can be implemented on any
smartphone or tablet through a mobile application that
supports Bluetooth connections.

Key Elements of the Interface:
o Directional Buttons:

e Forward, backward, left, and right buttons for
basic navigation.

e A stop button to immediately halt all motors in
case of instability or error.

o Mode Selection:

e A switch to toggle between horizontal surface

movement and vertical climbing mode.
o Speed Control:

e A slider or buttons to adjust the speed of the

wheels and propeller thrust.
o Power Control:

e A toggle to power on/off the entire system
remotely.

o Feedback Display:

o Real-time display of essential parameters such
as battery level, motor temperature, and
connectivity status.

e Alerts and notifications for critical situations,
such as low battery or overheating.

3. Functionality and Commands:
The remote sends specific commands that correspond
to the desired actions of the robot. Below are the
primary control commands:
e Movement Commands:
e 'a'— Move forward.
e 'b'— Move backward.
e 'c'—Turn right.
o 'd'—Turn left.
e 'e'— Stop all movements.
o Propeller Control:
e Commands to start/stop the propeller and
adjust its speed.
o Cleaning System Activation:
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e A command to activate or deactivate the
cleaning module.

Example Workflow:

1. The user powers on the robot and opens the mobile
application.

2. The Bluetooth connection is established between
the remote and the ESP32.

3. The user presses the forward button to move the
robot toward the vertical surface.

4. Upon reaching the surface, the user switches to
climbing mode, and the propeller is activated.

5. The user can adjust the thrust and speed as needed
while performing the cleaning operation.

4. Safety Features:

The remote-control system includes several safety

features to prevent accidents or system failures:

» Emergency Stop: A dedicated button allows the
user to immediately stop all motor functions if the
robot loses balance or behaves unpredictably.

» Auto-Disconnect: If the Bluetooth connection is
lost for a certain duration, the robot automatically
stops to prevent uncontrolled movement.

» Battery Status Indicator: Displays the remaining
battery life to avoid sudden power loss during
operation.

5. GUI Customization and Platform:

The remote-control interface can be customized to

include additional functionalities, such as:

+ Visual joystick controls for more fluid navigation.

« A cleaning mode selection (e.g., single wipe vs.
continuous cleaning).

» Different GUI layouts for mobile devices and
tablets for ease of use.

The interface can be developed using platforms such

as:

» Blynk App: A popular IoT app builder that allows
creating custom GUIs for Bluetooth and Wi-Fi-
controlled devices.

* MIT App Inventor: An easy-to-use platform for
creating Android apps with custom layouts and
Bluetooth support.

6. Remote Layout:
A typical layout for the robot controlling remote
includes:
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» Top Section: Status indicators for battery level,
connection status, and motor performance.

« Middle Section: Directional buttons for movement
and a slider for speed control.

« Bottom Section: Buttons for enabling/disabling the
cleaning system and emergency stop.

V. FUTURE SCOPE

The development of the Wall Climbing Robot for
Cleaning demonstrates significant potential for
expanding its capabilities and applications through
technological advancements and design optimizations.
One key area for future enhancement is the integration
of hybrid propulsion systems that combine thrust-
based and vacuum-based mechanisms. While the
current propeller-driven thrust system provides
efficient climbing, a hybrid system can offer greater
stability and flexibility by using vacuum adhesion for
improved grip on uneven or textured surfaces. This
enhancement would make the robot suitable for a
wider range of environments, including industrial
pipelines, rugged walls, and bridges.

Another promising direction is the incorporation of
sensor-based intelligence to enable autonomous
operation. By integrating lidar, ultrasonic, and
proximity sensors, the robot could detect obstacles,
avoid collisions, and adjust its path accordingly. This
advancement would eliminate the need for constant
manual control, allowing the robot to navigate and
clean autonomously. Additionally, the integration of
machine learning algorithms would enable the robot to
learn from its environment, improving efficiency over
time by optimizing cleaning patterns and thrust output
based on surface.

The robot’s cleaning system can also be enhanced to
cater to various surface types. The current system is
designed for smooth surfaces, such as glass and
painted walls. In the future, a modular cleaning
attachment could be developed to handle surfaces with
varying levels of dirt, grime, or debris. Furthermore,
adding features such as spray nozzles for detergent
application or rotating brushes would allow the robot
to perform more comprehensive cleaning tasks,
making it suitable for commercial cleaning operations
in skyscrapers and other high-rise buildings.
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Lastly, improving the robot’s power management
system is crucial for extending its operational time.
Implementing a higher-capacity battery or an energy-
efficient power control module could significantly
increase runtime. Additionally, incorporating a
cooling mechanism for the BLDC motor and ESC
would prevent overheating, enabling the robot to
operate continuously for longer durations. Future
versions of the robot could also include solar panel
attachments or wireless charging capabilities, ensuring
the system remains sustainable and energy-efficient.

These advancements will not only enhance the robot’s
performance but also expand its potential applications
to include surveillance, inspection, and autonomous
delivery in hazardous or hard-to-reach environments.

CONCLUSION

The Wall Climbing Robot for Cleaning successfully
demonstrates the feasibility of using a propeller-based
thrust mechanism combined with a wheeled chassis to
achieve efficient vertical and horizontal mobility. The
robot’s lightweight design, powered by N20 gear
motors and a BLDC motor, ensures stability and
maneuverability while maintaining an optimal thrust-
to-weight ratio. The system's performance, generating
a thrust force of 8.99 N, allows it to adhere securely to
vertical surfaces and perform cleaning tasks. The
wireless control system enhances usability, making the
robot suitable for real-world applications like high-rise
cleaning and inspection.

While the robot meets key performance objectives,
challenges such as limited battery runtime and motor
heating issues highlight the need for improved power
management and cooling. The current cleaning
mechanism is effective on smooth surfaces but
requires adaptation for rougher textures. Future
improvements, including sensor-based autonomous
navigation, hybrid propulsion systems, and enhanced
battery capacity, can expand the robot’s capabilities.

This project demonstrates a cost-effective and
innovative solution for vertical surface operations,
contributing to advancements in robotic cleaning and
maintenance technologies.
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